Introduction
Erythropoietin (Ep) is a glycoprotein that stimulates the production of red blood cells. In response to hypoxia, the plasma level of Ep increases up to 2 or 3 orders of magnitude [ 11. The increase is absent if nephrectomized animals are exposed to hypoxia [2, 3] .
This indicates that the kidney is essential for the biosynthesis of Ep. Within the kidney, Ep production has been associated with the glomerular region [4-71. However, it is still unclear which of the cells constituting the glomerulus or its immediate vicinity are involved in the biosynthesis of Ep. Therefore, we have cultured the 2 types of cells which can be derived reproducibly from glomerular outgrowths, namely epithelial and mesangial cells [8-l 11 . We found that the culture medium of mesangial cells derived from rat glomeruli contained an erythropoietic activity which could not be distinguished from asialo-Ep. This activity was significantly higher in the medium of cells maintained at lower oxygen concentrations.
taminating single cells and tubular or arteriolar attachment. Aliquots of the glomeruli were placed in 75 cm' Falcon tissue flasks (Falcon Plastics) with 15 ml of RPM1 1640 (Boehringer, Mannheim), to which 10% fetal bovine serum (Boehringer, Mannheim), 100 IU/ml penicillin, 100 pg/ml streptomycin and 0.66 IU/ml insulin had been added as suggested in [ 141. The flasks were incubated at 37°C in a humidified atmosphere containing either 20% or 3.5% 02, 5% COz, balance Nz, using 02-and CO+ontrolled incubators (Heraeus, Hanau). The medium was changed every third day.
Glomerular cell outgrowths were subcultured after treatment with 0.025 g/d1 trypsin on day 6 and day 21 after the first inoculation, respectively. Subcultures obtained on day 6 are considered to derive from epithelial cells and subcultures from day 21 to derive from mesangial cells [ 1 I]. The culture medium was collected for a total of 3 weeks, concentrated 10 times on Amicon YMlO membranes and its erythropoietic activity measured as below.
Ery thropoietin assay
2. Materials and methods
-1. Cell culture
Glomeruli from male Sprague Dawley rats (70-100 g body wt) were prepared under sterile conditions according to the sieving-technique in [ 121. In brief, the kidneys were first flushed free of blood as in [ 131. Renal cortical tissue was removed and consecutively passed through polyamide screens (Verseidag, Kempen) with pore sizes of 100 pm and 180 pm onto a screen of 50 pm pore size. Preparations of glomeruli from the 50 pm screen were confirmed under phase contrast microscopy to be free of conThe erythropoietic activity of the culture medium was determined using the fetal mouse liver cell assay for Ep. We determined the colony formation of erythroid precursor cells (CFU-e) obtained from 13 day fetal mouse livers. The test procedure was essentially that in [ 151 except that fetal bovine serum was replaced by a serum-free incubation mixture [ 161. The latter modification was used to exclude effects of growth factors possibly present in fetal bovine serum. Ep standard curves were obtained with Ep, which had been pre-calibrated against the International Standard Preparation B in the polycythemic mouse assay for Ep.
In accordance with established procedures [ 151 we have expressed the erythropoietic activity of the unknown sample as the percentage of the maximal number of colonies which was obtained with standard Ep. In some instances, the erythropoietic activity of the culture medium was determined by bioassay in vivo in exhypoxic polycythemic mice [ 171. In this assay the incorporation of "Fe into newly formed erythrocytes is determined as a measure for the erythropoietic activity of the sample.
Further characterisation of the erythropoietic activity from the culture media included the effect of anti-Ep obtained from immunized rabbits on the erythropoietic activity [ 181, heat stability [ 1,191, and binding to DEAE-cellulose at pH 4.5 [20] and to wheat germ lectin [21] . 221) dit not produce significant erythropoietic activity when compared with control medium, either at 20% O2 or 3.5% Oz. By contrast, cells subcultured at day 2 1 (mesangial cells according to [ 11, 221) released into the medium a factor that stimulated erythroid colony formation from fetal mouse liver cells. The colony-stimulating effect was significantly more pronounced when the cells had been maintained at 3.5% O2 than at 20% Oz. From the dose-response curves obtained with standard Ep we estimated the erythropoietic activity to be 15 mu/ml and -50 mu/ml in the medium from cell cultures grown at 20% O2 and 3.5% 02, respectively.
Results and discussion
The erythropoietic activity from the culture medium was bound to DEAE-cellulose at pH 4.5. It could be eluted from the column with buffer of high pH and high ionic strength. The same chromatographic behaviour was reported for human urinary Ep [20] . Furthermore, the activity was found to be heat stable (1OO'C for 5 min) at pH 5.5. Again, this property is also found with plasma or urinary Ep [1, 19] . Noteworthily, when the culture medium was first chromatographed on DEAE-cellulose and then treated with anti-Ep, the colony-stimulating effect almost disap peared ( fig.1 left) .
Chromatography was also done with wheat germ lectin, which is known to bind Ep mainly via N-acetylglucosamine residues [21, 23] . Here, the bound materjal from the culture media which could be eluted with the disaccharideNJV-diacetylchitobiose exhibited all of the colony-stimulating activity whilst the unbound fraction contained none. Addition of anti-Ep to the fraction which could be eluted withNJV-diacetylchitobiose greatly inhibited the colony-stimulating activity ( fig.1, right) .
All these results are compatible with the hypothesis that the erythropoietically active substance from the culture media is in fact Ep. However, in several in vivo experiments in which the incorporation of 59Fe was measured in vivo in polycythemic mice [ 171, no The type of cells which we obtained from subculThis discrepancy can be most easily explained if one tures of outgrowths from rat glomeruli at day 21 are assumes that the erythropoietic factor which is active elongated and grow in multilayers. This seems to be in vitro but not in vivo bears a reduced number of characteristic for mesangial cells but not for epithelial sialic acid residues. The absence of even a small perderived cells which grow in contact-inhibited monocentage of sialic acid residues of Ep 1261 as well as of layers [9, 10, 28] . A typical phase micrograph of the other glycoproteins [24, 25] leads to a rapid removal cells elaborating the erythropoietic activity above is from the circulation whilst the in vitro activity is not shown in fig.2 . These cells closely resemble the ones affected [27] .
identified as mesangial cells in fig.lC of [28] . We have performed additional experiments with Ep partly purified from the plasma of hypoxic rats which was treated with 0.004 IV/ml of neuraminidase for 16 h [23] . After the treatment, the Ep had lost its in vivo activity but retained all the properties of the erythropoietic activity from the above culture media.
Finally, we wish to emphasize that the erythropoietic activity in the culture medium of these cells was found in a total of 9 independent glomerular-derived cell cultures and can therefore be regarded as a highly reproducible feature of renal mesangial cells in culture.
We could not detect significant neuraminidase activity in the incubation medium after several days of culture. Why the cells in culture produce Ep that is not fully sialated, is being further investigated in this laboratory.
